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ABSTRACT
Geologic Feasibility of Dam and Reservoir Sites,
Blacksmith Fork Canyon, Utah
by
Alfredo Capistrano Buenaventura, Master of Science
Utah State University, 1968
Major Professor: Dr. Clyde T. Hardy
Department: Geology
Two areas along the Blacksmith Fork River, in the Bear River Range
southeast of Logan, Utah, were studied as sites for
reservoir.

a~torage

dam and

An earth dam, 150-200 feet high, and a reservoir of 15,000-

20,000 acre-feet are contemplated by the Bureau of Reclamation, U.S.
Department of Interior.
The lower area, located about 7 miles east of the mountain front,
involves two possible dam sites on limestone.

Thick overburden is

present in the canyon bottom and on the right abutments.

The upper area,

located about 2 miles south of the headquarters of the Hardware Ranch,
includes two possible dam sites on quartzite.

The quartzite at the

upstream site was found, by drilling and testing, to be extensively
fractured; the downstream site has not been drilled.

Acceptable

topographic settings are present at both of these sites.
Geologic factors, as well as a difficult road relocation necessitated
by the reservoir, exclude the lower area.

It is recommended that the

downstream site of the upper area be explored by means of a drilling
program.

A systematic evaluation of construction materials near this

site, based on appropriate excavations, is also required.
(58 pages)
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INTRODUCTION
General Statement
This report summarizes the results of a geologic feasibility study
of two potential dam and reservoir areas on the Blacksmith Fork River in
the Bear River Range southeast of Logan, Utah (Figure 1).

The lower area

would involve dams in Blacksmith Fork Canyon at points located about
6.S and 7.0 miles east of the mountain front.

The related reservoir

would extend upstream for about 4 miles nearly to the headquarters of
Hardware Ranch.

This ranch is an elk pasture operated by the Utah Fish

and Game Commission.

The upper area would involve dams in the valley of

Blacksmith Fork River at points located about 2.0 and 2.7 miles south of
the headquarters of Hardware Ranch.

The related reservoir would extend

southward up the valley of Blacksmith Fork River and into the lower parts
of tributary creeks.
Water storage at either location along the Blacksmith Fork River
would represent the Blacksmith Division of the Bear River Project of the
Bureau of Reclamation, U.S. Department of Interior.

It has been

proposed that the water be diverted into a distribution system at a point
downstream near the mountain front and utilized for irrigation in the
southern part of Cache Valley.
A paved highway, Utah 242, leads from Cache Valley through the
lower area to the Hardware Ranch.

From there, a good gravel road

extends southward through the upper area and connects with state highway
Utah 39 at a point located about 29 miles east of Ogden, Utah.
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Figure 1.

Index map of north-central Utah showing locations of lower
and upper dam areas.
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Previous Investigations
The Bureau of Rec1amation t U.S. Department of Interior t has
investigated three possible dam and reservoir sites along Blacksmith
Fork River within the Bear River Range.

The first studYt completed in

1946 (U.S. Dept. Int' t Bur. Reclamation)t was of a site at the narrows
just downstream from the Hardware Ranch.

It was abandoned because of

the necessity of flooding the elk pasture of the Utah Fish and Game
Commission.

Investigation at a second site t located about 3 miles from

the mountain front t was completed in 1963 (U.S. Dept. Int' t Bur.
Rec1amation t 1965).

Five diamond core holes were drilled.

This site

was abandoned because of the great depth of alluvium in the valley and
also because of the possibility of solution channels in the carbonate
rocks at the site.
The most recent investigation t reported in 1967 (U.S. Dept. Int' t
Bur. Reclamation)t was at a site located in the upper part of the valley
of Blacksmith Fork River at a point about 2.7 miles south of the headquarters of Hardware Ranch.

This location is now identified as the

upper Blacksmith site of the Bureau of Reclamation t U.S. Department of
Interior.

It was mapped topographically by the plane-table method and

the geology was then plotted on a topographic base at a scale of
100 feet to the inch.

A reservoir and borrow area map was made on a

topographic map based on a contract aerial survey.
scale of 400 feet to the inch.

The latter is at a

Five diamond core holes were drilled

along a proposed axis and preliminary exploration of possible borrow
areas was completed.

This site is presently being favorably considered

in spite of the extensive fracturing found in the quartzite foundation
and ahutments.

r
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Regional Geology
The Blacksmith Fork River drains an area on the western side of the
Bear River Range, southeast of Logan, Utah (Figure 1).

The crest of the

range, east of the drainage basin, ranges in elevation from about 6,000
to 8,000 feet.

The general elevation of the upper dam and reservoir

area is about 6,000 feet.
Blacksmith Fork Canyon.

The lower dam and reservoir area is within
The elevation of the river in the vicinity of

the proposed dams for this area is about 5,200 feet.

The steep canyon

walls rise about 1,500 feet above the dam sites.
Blacks~ith

i

Fork River flows northward, in an area of relatively low

relief, to Hardware Ranch and then turns westward through the precipitous
Blacksmith Fork Canyon to Cache Valley.

In the upper part of the basin,

Mill Creek joins the Blacksmith Fork River from the west and, a short
distance downstream, Sheep Creek joins the river from the east.

These

major tributaries are above the .dam site presently being considered by
the Bureau of Reclamation, U.S. Department of Interior.

Curtis Creek

joins the river from the east near the Hardware Ranch and Rocky Creek
joins only about 1.5 miles downstream.

These two major tributaries are

above the possible locations of dams in the lower area.

The Left Fork

of Blacksmith Fork River enters from the north at a point located about
5 miles from the mountain front.

From where the Blacksmith Fork River

enters Cache Valley, about 6 miles south of Logan, Utah, it flows across
the level floor of Cache Valley to join the Little Bear River, a
tributary of the Bear River, at a point west of Logan.
A generalized stratigraphic section of the BlacksmithFork region is
presented in Table 1.

The oldest rock unit, quartzite of the Brigham

s
Table 1.

Stratigraphic units of Blacksmith Fork Canyon

Description

Unit

Thickness
(feet)

Quaternary System
Lake Bonneville Group
Tertiary System
Salt Lake Formation
Wasatch Formation
Pennsylvanian System
Oquirrh Formation
Mississippian System
Brazer (J) Formation
Lodgepole Formation
Leatham Formation
Devonian System
Jefferson Formation
Water Canyon Formation

Alluvial deposits
Sand and silt
Gravel and sand
Sandstone and limestone
Conglomerate, mudstone,
and sands tone
Sands tone and limestone
Siltstone and limestone
Limestone
Sandstone and siltstone
Limestone
Siltstone and limestone
Sandstone
Dolomite
Limestone and dolomite

.

Silurian System
Laketown Formation

Dolomite

Ordovician System
Fish Haven Formation
Swan Peak Formation
Garden City Formation

Dolomite
Shale and quartzite
Limestone

Cambrian System
St. Charles Formation
Nounan Formation
Bloomington Formation
Blacksmith Formation
Ute Formation
Langston Formation
Brigham Formation

Dolomite
Quartzite
Dolomite
Limestone, shale, and dolomite
Limestone
Limestone and shale
Dolomite
Shale and limestone
Dolomite
Quartzite

aparadise quadrangle (Mullens)
bBlacksmith Fork Canyon (Budge)
~Green Canyon (Williams)
Blacksmith Fork Canyon (Ross)

l,OlSe

1,12S e
1,2lS f

eHigh Creek (Williams)
fBlacksmith Fork Canyon (this
report)
gBlacksmith Fork Canyon (Maxey)
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Formation of Cambrian age, crops out over much of the upper part of the
drainage basin except where it is covered by conglomerate, sandstone,
and shale of the Wasatch Formation of Tertiary age (Williams, 1948;
Plate 1).

There, the Brigham Formation is exposed along the axis of a

major anticline.

On the eastern side of the anticline, in the vicinity

of the upper dam and reservoir area, quartzite of the Brigham dips
generally about 150 SEe

The Langst<;JU Formation of Cambrian age, as well

as younger units of Paleozoic age, are exposed on the eastern flank of
the anticline.

The Langston is found, on the western flank of the

anticline, at. a point located about 3.5 miles west of t;he headquarters
of Hardware Ranch.

There, the west-dipping Ute, Blacksmith, and

Bloomington Formations overlie the Langston in the downstream direction.
The dip of the Bloomington is about 25 0 W.

This dip direction prevails,

through successively higher stratigraphic units, until the axis of the
Logan Peak syncline is reached at a point located about 3 miles from the
mountain front.

The axis of the syncline, in the canyon bottom, is in

the Jefferson Formation of Devonian age.
the sides of Blacksmith Fork Canyon.

Younger formations crop out up

The Oquirrh Formation of

Pennsylvanian age is found, in the syncline, on a peak located just north
of the canyon.
A major gravity fault parallels the eastern side of Cache Valley.
South of Blacksmith Fork, the Salt Lake Formation of Tertiary age has
been faulted down against various units of Paleozoic age on the east.
Seismic Activitx
Northern Utah is subject to an occasional damaging earthquake; in
fact, such an earthquake has occurred somewhere in the state at the rate

r
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of nearly one per year between 1950 and 1965 (Cook and Smith, 1967,
p. 699).

The nearest active fault to the dam sites under consideration

extends north-south along the eastern side of Cache Valley.

It is

located about 10 miles west of the lower area in Blacksmith Fork Canyon
and about 15 miles west of the upper area in the upper part of the
valley of Blacksmith Fork River.

The most severe earthquake known to

have occurred on this fault took place on August 30, 1962 (Cook and
Smith, 1967, p. 696).

It was assigned a magnitude of 5.7 by the Coast

and Geodetic Survey, U.S. Department of Commerce.

The epicenter was

about 15 miles north of Logan, Utah; nevertheless,

ext~sive

resulted in Logan.
in 1923.

damage

An earlier damaging earthquake affected this city

8

LOWER AREA
General Statement
The lower area includes two dam sites (Figure 2) and the associated
reservoir site.

It is located in Blacksmith Fork Canyon and extends

from the downstream dam site to the. upper end of the reservoir.

Through-

out the area, the canyon trends east-west and the Blacksmith Fork River
flows westward into Cache Valley.

The area is in the part of the canyon

between the junction of the Left Fork, downstream, andithe Hardware
Ranch, upstream.

The dam sites are situated about 7 miles upstream

from the front of the Bear River Range.

The reservoir would extend up-

stream for a distance of about 4 miles.
Discharge records are available for Blacksmith Fork River starting
with October, 1913 (U.S. Dept. Int., Geol. Survey, 1963, p. 57).

The

gaging station is located below the lower area at a point about 4 miles
from the mountain front.
Fork of Blacksmith River.

It is downstream from the junction of the Left
The average annual discharge for 47 years

(1913-1960) was 125 cubic feet per second or 90,500 acre-feet.

A

maximum discharge of 1,620 cubic feet per second occurred on May 15, 1917.
Stratigraphic units of the foundation and abutments of dam sites of
the lower area are described in Table 2.

The areal geology of these dam

sites is represented by means of a geologic map (Plate 1).

Structure

sections, along individual dam axes, are also presented (Plate 2).

Figure

Vertical air view of Dam Axis A, left, and Dam Axis B, right.
North is at top.

\0

r
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Table 2.

Detailed stratigraphic section of lower dam sites

Description

Unit

Thickness
(feet)

Nounan Formation
Bloomington Formation
10.

9.
8.

7.

6.

5.

4.

3.

2.

1.

Dolomite, gray, fine crystalline, beds 2,0-7.0 in.
thick, weathers light gray and medium gray, forms
ledge

15

Limestone, shaly limestone, and shale interbedded,
exposures poor

180

Limestone, blackish gray, fine crystalline, beds f
1.0-5:0 ft. thick, weathers medium gray, weathers
to small irregular blocks, weathers with small
cavities, joint spacing 5.0 in. to 3.0 ft.

110

Limestone, light gray to black, fine crystalline,
beds 0.5-8.0 in. thick, weathers light brown and
medium gray, joint spacing 6.0 in. to 3.0 ft.

60

Limes tone, blackish gray, fine crys talline, beds
2.0-5.0 ft. thick, ~,,7eathers light gray and medium
gray, abundant calc} te veins and masses

80

Dolomitic limestone, medium gray, fine crystalline,
beds 0.5 in. to 2.0 ft. thick, shale interbeds
0.5 in. thick. weathers light gray

155

Limestone, bluish gray and medium to dark gray,
fine crystalline, some lenticular shale interbeds,
weathers gray

120

Limestone, dark bluish gray, fine crystalline,
beds 1.0 in. to 2.0 ft. thick, weathers light gray

33

Limestone. gray, fine to medium crystalline, beds
3.0-5.0 in, thick, some shale interbeds, irregular
calcite masses

85

Limestone, shaly limestone. and shale interbedded

380

Total Bloomington Formation

1,218
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Table 2.

Continued

Description

unit

Thickness
(feet)

Blacksmith Formation
3-3

3-2

3-1

2-2

2-1

1-3

1-2

1-1

Dolomite, gray, fine crystalline, beds 3.0 in. to
2.0 ft. thick, weathers blackish gray, joint
spacing 2.0 in. to 3.0 ft.

56

Dolomite, light gray and bluish gray, fine and
coarse crystalline, beds 2.0-6.0 in. thick,
weathers medium gray and dark gray

58

Dolomite, medium gray, medium crystalline, beds
3.0 in. to 2.0 ft. thick, weathers medium gray,
weath~s to irregular 4.0 in. to 3.0 ft. blocks

68

Calcareous dolomite, medium gray, medium crystalline,
beds 2.0-6.0 in. thick, weathers light gray, calcite
masses and veins, joint spacing 4.0 in. to 2.0 ft.

63

Calcareous dolomite, medium gray, fine crystalline,
beds 2.0 in. to 5.0 ft. thick, weathers light gray,
weathers with cavities, calcite veins along bedding
as much as 7.0 in. thick, joint spacing 4.0 in. to
5.0 ft.

85

Dolomite, light gray, medium crystalline, beds 5.0
in. to 4.0 ft. thick, weathers light gray, weathers
with cavities, joint spacing 4.0 in. to 2.0 ft.

37

Dolomite, medium gray, coarse crystalline, beds
1.0-5.0 ft. thick, weathers light gray, joint
spacing 8.0 in. to 4.0 ft.

46

Dolomite, light gray and medium gray, medium to
coarse crystalline, beds 5.0 in. to 4.0 ft. thick,
weathers light gray, crystalline dolomite in small
spheroidal masses, forms ledge, joint spacing
2.0 in. to 3.0 ft.

59

Total Blacksmith Formation
Total Blacksmith and Bloomington Formations
Ute Formation

472

1,690
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Downstream Site

General description
The downstream site of the lower area (Dam Axis A) is located
6.8 miles east of the mountain front or 1. 8 miles east of the junction
of the Left Fork of Blacksmith Fork River.
headquarters of Hardware Ranch.

It is 5.5 miles west of the

A reservoir would extend upstream to

about 1.4 miles from the ranch headquarters.

The downstream site,

'furthermore, is 1.2 miles above the Hyrum City Power Plant.

It is

1,300 feet below Dam Axis B of the lower area.
The eanyon of Blacksmith Fork River, at this site, trends east-west
and the river flows westward.

The right abutment displays a gentle

slope and the left abutment has a steep slope.

The canyon bottom is

about 360 feet wide.
A possible earth dam, at this site, would have a crest length of
about 1,880 feet.

The crest elevation would be 5,450 feet and the

hydraulic head about 220 feet.
Foundation and abutments
Recent alluvium fills the canyon bottom, at Dam Axis A, to a depth
of 28 feet according to a seismic test (Table 3).
bottom is about 360 feet wide.

Here the canyon

At a point located about 4 miles down-

stream, depth to bedrock is 153 feet in the center of the canyon as
shown by a drill hole (U.S. Dept. Int., Bur. Reclamation, 1965).

Old

alluvium underlies the lowermost part of the slope on the right abutment.
It is covered by a mud flow.

Bedrock, beneath the canyon bottom,

consists mostly of limestone and dolomitic limestone of the Bloomington
Formation (Plate 1).

It strikes about N. 40 0 E. and dips about 25 0 W.

13
as inferred from the left abutment.

Table 3.

Depth of valley fill at lower dam sites

Seismic Test No. la
Location:
280 ft. upstream from Dam Axis A,
30 ft. north of river (Plate 1)
Results:
Top soil interval (1,000 ft. per sec.)
Gravel interval
(5,500 ft. per sec.)
Bedrock depth
(7,150 ft. per sec.)

(Feet)
0.0- 4.6
4.6-27.7
27.7

Seismic Test No. 2 a
Locat~on:

200 ft. upstream from Dam Axis B,
30 ft. north of river (Plate 1)
Results:
Top soil interval (720 ft. per sec.)
Gravel interval
(4,800 ft. per sec.)
Bedrock depth
(8,100 ft. per sec.)

(Feet)
0.0- 3.0
3.0-43.2
43.2

aU.S. Dept. Int., Bur. Reclamation, unpublished report

On the left abutment, bedrock is exposed above river level.

The

slope is steep with a grade of 74 percent equivalent to a slope angle of
36 degrees.

The bedrock is limestone and dolomitic limestone of the

Bloomington Formation.

It strikes N. 39 0 E. and dips 23 0 W.

On the right abutment, a mud flow rests on old alluvium.

The slope

is gentle with a grade of 16 percent equivalent to a slope angle of
10 degrees.

The total thickness of overburden near the lower end of the

mud flow is estimated to be about 75 feet.
Bloomington Formation.

Bedrock is limestone of the

It strikes N. 24 0 E. and dips 25 0 W.

Bedrock, exposed in the abutments, is essentially unchanged by
weathering processes.

As noted previously, it contains mostly limestone

14
and dolomitic limestone.

Bed thickness ranges from 0.5-5.0 feet.

rock is moderately jointed with spacing of about 1 to 5 feet.
are open in the limestone and dolomitic limestone.

The

The joints

The northeast joint

set parallels the strike of the beds; the northwest set parallels the
dip direction of the beds.
to the canyon.
nearly vertical.

The northwest set is more or less parallel

These joints strike N. 35 0 W. to N. 40 0 W. and are
No significant solution effects were noted in the

abutment rock.
Design requirements
At

bam Axis

A~

a grout curtain provided by closely spaced holes is

necessary in order to control seepage through the limestone of the
foundation and abutments.
water

channe1s~

Joints~

bedding

in the relatively soluble

p1anes~
rock~

and possible ground-

must be blocked.

Special consideration should be given to the installation of drains
in the foundation of Dam Axis A.

These are necessitated by the impervious

limestone and shale unit resting on a limestone unit with dip in the
downstream direction.

Considerable uplift pressure could develop in the

foundation unless relieved by drains.
A spillway of the open-chute type is appropriate for the left
abutment.

Here solid limes tone is exposed in the canyon wall.

conditions on the right side are relatively unsatisfactory.

Foundat ion

There~

a mud

flow fills the lower part of a tributary canyon that is cut in
consolidated rock at the end of the dam.

A long curved

around the end of the dam, would probably be required.

spi11way~

extending

The left abutment

permits a relatively simple spillway structure across a promontory of
solid limestone.
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The diversion and outlet tunnel should also be located in the
promontory of solid rock on the left abutment.

The slope of the canyon

side, on the right abutment, is much too low for these structures.
Upstream Site
General description
The upstream site of the lower area (Dam AXis B) is located 7.0
miles east of the mountain front or 2.0 miles east of the junction of
the Left Fork of Blacksmith Fork River.
headquarters of Hardware Ranch.

It is 5.3 miles west of the

A reservoir would

about 1.4 miles from the ranch headquarters.

ext~nd

upstream to

The upstream site,

furthermore, is 1.5 miles above the Hyrum City Power Plant.

It is

1,300 feet above Dam Axis A of the lower area.
The canyon of Blacksmith Fork River, at this site, trends east-west
and the river flows westward.

The right abutment displays a gentle

slope; whereas, the slopes of the south abutments are steep for both the
primary axis and the alternate axis.

The canyon bottom is about 500 feet

wide along the primary axis and about 420 feet wide along the alternate
axis.
A possible earth dam, at the primary axis which is partly downstream
from the alternate axis, would have a crest length of about 1,510 feet.
The crest length at the alternate axis would be about 1,540 feet.

In

either case, a crest elevation of 5,400 is anticipated with a hydraulic
head of about 170 feet.
Foundation and abutments
Recent alluvium fills the canyon bottom at Dam Axis B as well as at

16
the related alternate axis.
test (Table 3).

It is 43 feet deep according to a seismic

The canyon bottom is about 500 feet wide at Dam Axis B.

Old alluvium underlies the lower part of the slope of the right abutment.
It is covered by a mud flow.

Bedrock~

beneath the canyon bottom, consists

of limestone, shaly limestone, and shale of the Bloomington Formation
It strikes about N. 40 0 E. and dips about 20 0 W. as inferred

(Plate 1).

from the left abutment.
On the left abutment, slope wash mantles bedrock on the lower part
of the slope.

It is perhaps as much as 10 feet thick.

The slope is

steep with a grade of 68 percent equivalent to a slopefangle of
34 degrees.

Bedrock, at Dam Axis B, consists mostly of a lower unit of

limestone, shaly limestone, and shale and an upper unit of limestone.
Both rock units represent the Bloomington Formation.

The rock, near

Dam Axis B, strikes N. 40 0 E. and dips 21 0 W.
The left abutment of the alternate axis is mostly covered by slope
wash which may be as much as 10 feet thick.

This abutment has a steep

slope with a grade of 52 percent equivalent to a slope angle of 27
degrees.

Bedrock consists of limestone, shaly limestone, and shale of

the Bloomington Formation.

The attitude is about the same as at the

primary axis.
On the right abutment, a mud flow rests on old alluvium.

The slope

is gentle with a grade of 20 percent equivalent to a slope angle of
11 degrees.

Bedrock is limestone, shaly limestone, and shale of the

Bloomington Formation.

It strikes N. 41 0 E. and dips 22 0 W.

The bedrock, exposed in both abutments, is somewhat weathered inasmuch as it consists of limestone, shaly limestone, and shale.
thickness ranges from 3.0-5.0 inches.

Bed

The rock is extensively jointed.
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The joints seem to be tight in the shale and relatively open in the
limestone.

A northeast joint set parallels the strike of the beds; the

northwest set parallels the dip direction of the beds.

The northwest

set is more or less parallel to the canyon at Dam Axis B.
strike about N. 40 0 W. and are nearly vertical.

These joints

No significant solution

effects were noted in the abutment rock; however, limestone associated
with shale in the Bloomington Formation commonly displays evidence of
solution.
Design requirements
f

At Dam,Axis B, a grout curtain provided by closely spaced holes
would be necessary in order to control seepage through the rock of the
foundation and abutments which consists of limestone.

Joints, bedding

planes, and possible solution channels mus t be blocked.
A spillway of the open-chute type should be located on the left
abutment for Dam Axis B which involves the downstream segment rather
than the upstream alternate.

A thick cover of old alluvium and mud

flow exists on the right abutment and the end of the dam is in a small
tributary valley.

The left side provides a steep canyon wall in lime-

stone and shale.
The diversion and outlet tunnel should also be located in the left
abutment.

Utilization of the downstream segment of the axis, not the

alternate, is recommended in view of the thicker overburden in the
upstream area.
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Reservoir
General description
The reservoir of the lower area is located along the upper part of
Blacksmith Fork Canyon.

In the vicinity of the dam sites, the canyon

walls rise about 1,500 feet above the valley bottom.

At the upper end

of the reservoir, the canyon walls rise only about 1,000 feet.

A

relatively broad open valley is present just beyond the upper end of the
reservoir in the vicinity of Hardware Ranch.
The area that would be inundated by the reservoir contains some
potential campgrounds.

Its main use, however, is for the highway to the

Hardware Ranch and vicinity.
Dams, tentatively considered, would provide a reservoir elevation
of about 5,440 feet.

The reservoir of either would extend up the canyon

about 4 miles and would have an average width of only about 1,000 feet.
It would extend up Devil's Gate-Canyon, on the south side of Blacksmith
Fork Canyon, for a distance of about 1,500 feet.

It would reach up

North Cottonwood Creek for about 3,500 feet and up South Cottonwood Creek
for about 2,000 feet.

Such a reservoir would have an area of about

300 acres.
Geologic conditions
The consolidated rock of the lower reservoir represents five
formations of Cambrian age.

Unconsolidated deposits occupy the valley

bottom and the lower part of adjacent slopes.

The stratigraphic units

are tabulated in Table 4.
The consolidated rock units dip generally 20 0 W., in the downstream
direction.

The oldest exposed unit, the Brigham Formation, crops out in

19

Table 4.

Stratigraphic section of lower reservoir site

Unit

Thickness
(feet)

Dese d ption

Quaternary System
Recent alluvium
Alluvial fan
Mud flow
Old alluvium
Cambrian System
Bloomington Formation

1,2l8 a
Limestone, shale,
and dolomite
Limes tone and
dolomitic limestone
Limestone and
shale

195
643
380

Blacksmith Formation

Dolomite

472 a

Ute Formation

Shale and limestone

675 b
390 b

Langston Formation
Dolomite
Limestone
Dolomite
Brigham Formation
aThis report
bMaxey (1958)

Quartzite

285
50
55
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the upper part of the reservoir.
quartzite.
sites.

It consists almost entirely of

Younger units are exposed successively downstream to the dam

The west-dipping Nounan Formation overlies the Bloomington

Formation just west of the downstream dam site.

Approximately four-

tenths of the reservoir is in quartzite of the Brigham.

The lower one-

tenth of the reservoir is underlain by interbedded limestone and shale
of the Bloomington Formation.

The intervening area consists mostly of

dolomite in the lower part, interbedded limestone and shale in the middle
part, and dolomite in the upper part.

The areal distribution of the

consolidated rock of the reservoir is evident on a regional map prepared
by Williams (1948, Plate 1).
Stream alluvium extends along the bottom of the canyon.

The old

alluvium, presumably of Pleistocene age, locally forms low terraces along
the canyon sides.

It consists largely of sand and gravel.

Recent

alluvium occupies the lower part of the canyon and is probably underlain
by the old alluvium.
deposits.
canyons.

The Recent alluvium consists of fine-grained stream

Small alluvial fans are present at the mouths of tributary
These rest on the old alluvium.

The unconsolidated deposits

are best known in the vicinity of the dam sites.
The quartzite of the Brigham Formation is extensively jointed.

Most

seepage certainly occurs along these surfaces rather than along bedding
planes in the quartzite.

The dolomite and limestone of the Langston

Formation are well exposed.

These rocks are divided by many bedding

planes and are also broken by joints; however, no solution cavities are
evident.

No sinks are known in the area underlain by interbedded shale

and limestone of the Ute Formation.

The dolomite of the Blacksmith

Formation forms rugged cliffs with bare ridges and pinnacles.

No

21
solution cavities are found in the dolomite, but one bed of calcareous
dolomite displays small cavities.
1-7 feet long.

These are 3-6 inches in diameter and

Four were noted on the north side of the canyon and

doubtless numerous others are present.

The Bloomington Formation is

mostly limestone in the middle part with interbedded limestone and shale
at the base and at the top.

No sinks are present on the Bloomington and

no solution cavities are evident.

Elsewhere, this fonnation contains

large sinks (Williams, 1948, p. 1,133-1,134).
Ground-water GDnditions
f

Evidence pertaining to the ability of the proposed reservoir to hold
water is meager.

A spring is located a short distance below the down-

stream dam site in Blacksmith Fork Canyon.

It is on the south side of

the canyon and is situated above the level of a small reservoir.
spring indicates a slope of the water table toward the valley.

The
This

condition suggests that the reservoir is capable of holding water.
The absence of sinks in the Bloomington Formation suggests that it
should cause no great leakage problem; however, severe leakage might
develop where the outcrop crosses the canyon at the dam sites.

The

almost complete absence of minor solution effects in the exposed rocks
of the reservoir is also a favorable indication as to the suitability of
the reservoir site.
Road relocation
Highway Utah 242 traverses Blacksmith Fork Canyon throughout the
lower area.

It is an excellent paved highway that provides access,

throughout the year, to the elk pasture operated by the Utah Fish and
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Game Commission.

At least 5 miles of this highway would have to be

relocated around the dam and reservoir.
Two alternative highway locations are possible.

The most direct is

on the right side of the canyon just above the level of the reservoir.
There, the slope is generally not as steep as on the south side and
fewer outcrops of consolidated rock are present.

A highway at reservoir

level is desirable for access; however, it might result in small-scale
sliding into the reservoir.
The other possible route is along the Left Fork of Blacksmith Fork
to its junction with Herd Hollow and eastward to the Bepr Lake road which
extends southward to the Hardware Ranch.

An existing gravel road, along

the Left Fork, could be used from its junction with Blacksmith Fork River
to Herd Hollow.

New construction, for about 5 miles, would be necessary

for the connection between the latter point and the Bear Lake road.

The

remaining distance to the Hardware Ranch by the existing gravel road is
about 3 miles.

The total distance from the junction of Left Fork with

the Blacksmith Fork River to the Hardware Ranch by this route is about
14 miles.

The route, therefore, is 6 miles longer than the direct route

in Blacksmith Fork Canyon.

It is doubtful that it would be economically

feasible to construct the longer route.
The first alternative, along the reservoir, seems to be most
reasonable.

It utilizes the existing paved highway to the greatest

possible extent and provides good access to the reservoir.

Furthermore,

the segment along the reservoir could be paved with the result that access
to Hardware Ranch could be maintained throughout the year.

r
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Construction Materials
Numerous deposits containing both impervious and pervious materials
are found near the lower dam sites (Table 5).

These include alluvial

fans and old stream deposits as well as fine-grained and coarse-grained
lake deposi ts.

Certain properties of the materials, which form these

deposits, are summarized in Table 6.

Impervious materials could also be

obtained from the mud flows found on the right abutments of both Dam
Axis A and Dam Axis B.

Blocky quartzite for rock fill and riprap is

present about 3 miles upstream from the dam sites.

The coarse-grained
f

lake deposit, on the Left Fork of Blacksmith Fork about 3 miles downstream from the dam sites, is a source of concrete aggregate.
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Table 5.

=
Area

Location of construction materials for lower dam sites
Distance from
Dam Axis A

Type of deposit

A

3 mi. down, Left Fork

Lake deposit

B

3 mi. down, right

Alluvial fan

C

3 mi. down, right

Lake deposit

D

2 3/4 mi. down, right

Alluvial fan

E

2 3/4 mi. down, left

All uvi al fan

2 mi. down, left

Alluvial fan

G

2 mi. down, right

Old stream deposit, alluvial fan

H

1 1/2 mi. down, right

Alluvial fan

I

1 mi. down, left

Alluvial fan

J

1 mi. down, left

Old stream deposit

K

500 ft. down, right

Alluvial fan, talus

L

1 mi. up, right

Old stream deposit

M

1 1/4 mi. up, left

Old stream deposit

N

1 1/4 mi. up, left

Alluvial fan

a

1 1/2 mi. up, left

Old stream deposit

p

1 1/2 mi. uP. left

Alluvial fan

Q

1 3/4 mi. up, left

Old stream deposit

R

2 mi. up, right

Recent stream deposit,
Old stream deposit

S

2 1/4 mi. up, right

Old stream deposit

T

2 1/4 mi. up, right

Alluvial fan

U

2 1/2 mi. up, right

Old stream deposit

V

2 1/2 mi. up, left

Old stream deposit

w

2 3/4 mi. up, left

Old stream deposit, alluvial fan

X

3 mi. up, left

Old stream deposit

'F
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Table 6.

Description of construction materials for lower dam sites

Type of deposit

Talus

Description
Size gradation
Boulders
Pebbles-cobbles
Composition
Quartzite
Limestone
Dolomite

80%
20%

Recent stream deposit

Size gradation
Pebbles-boulders 35%
Sand
25%
Clay-silt
40%
Composition of codrse fraction
Quartzite
Limestone
Dolomite
Particle shape of coarse fraction
Rounded
Angular

Alluvial fan

Size gradation
Boulders
30%
Pebbles-cobbles
10%
Sand
25%
Clay-silt
35%
Composition of coarse fraction
Limestone
Quartzite
Dolomite
Particle shape of coarse fraction
Angular
Sub rounded
Rounded

Lake deposit
(Left Fork)

Size gradation
Boulders
15%
Pebbles-cobbles
45%
Sand
25%
Clay-silt
15%
Composition of coarse fraction
Dolomite
Limestone
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Table 6.

Continued

Type of deposit

Description

Lake deposit
(Blacksmith Fork)

Size gradation
Pebbles-cobbles
10%
Sand
40%
Clay-silt
50%
Composition of coarse fraction
Quartzite
Dolomite
Limestone

Old 'stream deposit

Size gradation
Boulders
5%
Pebbles-cobbles
40%
Sand
25%
Clay-silt
30%
Composition of coarse fraction
Quartzite
Limestone
Dolomite
Particle shape of coarse fraction
Rounded
Subrounded
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UPPER AREA
General Statement
The upper area includes two dam sites (Figure 1) and the associated
reservoir site.

It is located along the Blacksmith Fork River and extends

from the downstream dam site to the upper ends of the reservoir.
Throughout the area, the canyon trends north-south and the Blacksmith
Fork River flows northward to the Hardware Ranch where it turns abruptly
westward into Blacksmith Fork Canyon. The dam sites ~e situated about
....
2.5 miles upstream from the Hardware Ranch. The reservoir would extend
upstream about 2.5 miles.

Arms of the reservoir would extend along

Mill Creek, to the south, and along Sheep Creek, to the east.
Stratigraphic units of the foundation and abutments of dam sites of
the upper area are described in Table 7.

The areal geology of these dam

sites is represented by means of a geologic map (Plate 3).

Structure

sections, along individual dam axes, are also presented (Plate 4).
Downstream Site
General description
The downstream site of the upper area (Dam Axis C; Figure 3) is
located 2.0 miles south of the headquarters of Hardware Ranch.

It is

3,460 feet below Dam Axis D of the upper area.
The canyon of Blacksmith Fork River, at this site, trends northsouth and the river flows northward.
canyon bottom is 450 feet wide.

Both abutments are steep and the
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Table 7.

Detailed stratigraphic section of upper dam sites
Thickness
(feet)

Description

Unit

Wasatch Formation
Brigham Formation
f

3.

Quartz~te, light gray to light brownish pink, fine

to coarse grained, beds 1.0-6.0 ft. thick, lenticular
shale interbeds, weathers light brown
2.

1.

Unknown

Quartzose sandstone, medium gray to very light pink,
abundant lenticular interbeds of silty and micaceous
shale 4.0-6.0 in. thick, interbeds slack readily,
weathers greenish and reddish gray, forms slope,
joint spacing 0.1-2.0 in., exposures poor

95

Quartzose sandstone, light gray to light brown,
medium to coarse grained, beds 6.0 in. to 6.0 ft.
thick, interbeds of coarse-grained sandstone and
quartz pebbles, interbeds of silty and micaceous
shale 2.0-3.0 in. thick, weathers medium gray with
grayish-brown stain in places, joint spacing 3.0 in.

Unknown

II

u
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A possible earth dam, at the primary axis which is just upstream
from the alternate axis, would have a crest length of about 1,380 feet.
The crest length at the alternate axis would be about 1,100 feet.

In

either case, a crest elevation of 5,770 feet is anticipated with a
hydraulic head of about 140 feet.
Foundation and abutments
Recent alluvium fills the canyon bottom at Dam Axis C as well as at
the ,related alternate axis.

The depth is probably about the same as at

Dam Axis D or approximately 35 feet (U.S. Dept. Int., Bur. Reclamation,
f

1967).

The

~anyon

bottom is about 450 feet wide.

A deposit of calcareous

tufa, represented on Plate 3 as a spring deposit, extends across the
valley at a point located just downstream from the alternate axis.
alluvium forms a low bench on the right abutment.

Old

Bedrock, beneath the

canyon bottom, consists of quartzite of the Brigham Formation (Plate 3).
It strikes about N. 85 0

w.

and dips about 9 0 S. as inferred from the

abutments.
On the left abutment, slope wash and talus mantle bedrock on the
lower part of the slope.
thick.

This deposit is probably less than 10 feet

The slope is steep with a grade of 56 percent equivalent to a

slope angle of 29 degrees.
(Plate 3).

Bedrock is quartzite of the Brigham Formation

It strikes N. 80 0

w.

and dips 8 0 S.

The right abutment of Dam Axis C has a bench of old alluvium in the
lower part.

It displays a grade of 28 percent equivalent to a slope

angle of 16 degrees.

Quartzite of the Brigham Formation forms the upper

part of the abutment (Plate 3).

It has a relatively steep slope with a

grade of 46 percent equivalent to a slope angle of 24 degrees.

The

r
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quartzite strikes N. 90 0

w.

and dips 10 0 S.

The right abutment of the alternate axis, just downstream from Dam
Axis C, also has a bench of old alluvium in the lower part.

It has a

grade of 9 percent equivalent to a slope angle of 5 degrees.

Quartzite

of the Brigham Formation forms the middle and upper parts of the
abutment (Plate 3).

It also strikes N. 90

o

W. and dips 10

0

S.

Bedrock of both abutments is quartzite which remains unaltered by
weathering processes except for the formation of talus which generally
mantles the slopes.

Bed thickness ranges from 6.0 inches to 6.0 feet.

The rock is moderately jointed and the joints are

,

most~y

open.

Design requirements
At Dam Axis C, as well as Dam Axis C (alternate), a grout curtain
provided by closely spaced holes would be necessary in order to control
seepage through the jointed quartzite of the foundation and abutments.
The left abutment is topogrpphically suited for a spillway of the
open-chute type because of the existence of a broad promontory of solid
rock on this side.
quartzite.

The right abutment offers a steep canyon wall of

Topographic differences at the right side of Dam Axis C

(alternate) are not significant.
A diversion and outlet tunnel should also be located on the left
abutment.

The broad promontory, at the end of the dam on this side,

permits a short straight tunnel.
Upstream Site
General description
The upstream site of the upper area (Dam Axis D; Figures 4 and 5)

Figure 4.

Oblique air view of Dam Axis D and reservoir site; v iew ups tream to
south .

W
N

Figure

Oblique air view of Dam Axis D; view upstream to southwes t.

w

w

r
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is located 2.7 miles south of the headquarters of Hardware Ranch.

I t is

3,460 feet above Dam Axis C of the upper area.
The canyon of Blacksmith Fork River, at this site, trends northeast
and the river flows northward.

Both abutments are steep and the canyon

bottom is about 340 feet wide.
A possible earth dam, at this site, would have a crest length of
about 800 feet.

The crest elevation would be 5,780 feet and the

hydraulic head about 130 feet.

A reservoir, at an elevation of 5,770

,

feet, would hold about 18,000 acre-feet.
Foundation and abutments
Recent alluvium fills the canyon bottom at Dam Axis D to a depth of
34 feet according to a drill hole (U.S. Dept. Int., Bur. Reclamation,
1967).

A seismic test, just west of the river, indicated a depth of

30 feet (Table 8).

The canyon bottom is about 340 feet wide.

Bedrock,

beneath the canyon bottom, consists of quartzite of the Brigham Formation
(Plate 3).

It strikes S. 80 0 W. to S. 85 0 W. and dips 15 0 S.

On the left abutment, talus and slope wash mantle most of the slope
(Figure 6).

This overburden is perhaps as much as 15 feet thick.

The

slope is steep with a grade of 60 percent equivalent to a slope angle of
31 degrees.
(Plate 3).

Bedrock is quartzite of Unit 1 of the Brigham Formation
It strikes S. 86 0 W. and dips 15 0 S.

Bedrock is well exposed on the right abutment (Figure 7).

The

slope is steep with a grade of 75 percent equivalent to a slope angle of
37 degrees.

Bedrock consists of three units of the Brigham Formation:

(1) lower quartzite, (2) quartzite and shale, 95 feet thick, and (3) upper
quartzite.

It strikes S. 79 0

w.

and dips 15 0 S.

r
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Table 8.

Depth of valley fill at Dam Axis D

Seismic Test No. 1 a
Location:
25 ft. west of river,
to axis (Plate 3)

perpendicular

Results:

(Feet)

Bedrock depth

16.0

Seismic Test No. 2b
Location:
15 ft. west of river
Results:

(Feet)

Top soil interval (500 ft. per sec.)

0.0- 2.6

Gravel interval

(3,800 ft. per sec.)

2.6-30.0

(13,300 ft. per sec.)

30.0

Bedrock depth

:Utah State Univ., Dept. Geology, unpublished report
u.S. Dept. Int., Bur. Reclamation, unpublished report

Figure 6.

Left abutment of Dam Axis D; view to northwest .

Refe r to Pl at e 3 .

LV
0\

Figure 7.

Right abutment of Dam Axis D; view to southeast.

Refer to Plate 3.
W
-....J
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Bedrock of the left abutment is quartzite which remains unaltered
by weathering processes except for the formation of talus which
generally mantles the slopes.
6.0 feet.

Bed thickness ranges from 6.0 inches to

The quartzite is extensively jointed and the joints are

mostly open.

The lower and upper quartzite units of the right abutment

are also massive.

Bed thickness ranges from 6.0 inches to 6.0 feet.

These units are broken by abundant ?pen joints.

The middle unit, which

consists of quartzite and shale, is more weathered.
topographic depression across the abutment.

It occupies a

Underground the shale may

have been locally removed by running water so as to fOiffi cavities between
;. ..

quartzite beds.

One set of joints parallels the strike of the beds and

another parallels the dip direction.
to the canyon.

The latter is more or less parallel

These joints strike S. 15

nearly vertical.

o

w.

to S. 20

0

W. and are

Drilling (U.S. Dept. Int. , Bur. Reclamation, 1967)

revealed a condition of high permeability, at least locally, within the
foundation and abutments.

This was evidenced by loss of water during

drilling, abrupt loss of circulation during drilling, and exceedingly
poor recovery of core in certain intervals.
Design requirements
At Dam Axis D, a deep and thick grout curtain is necessary in order
to control seepage through the highly fractured quartzite of the
foundation and abutments.

Special excavation of the quartzite and shale

unit of the Brigham Formation, on the right abutment, in the foundation
area is essential.
dam material.

This excavation should be backfilled by impervious

Considerable excavation of unconsolidated material,

containing clay, in the canyon bottom should be anticipated in order to
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provide an appropriate dam foundation.
The left abutment is topographically suited for a spillway of the
open-chute type because of a promontory of solid rock on that side.
The right abutment offers only a steep canyon wall cut in quartzite.
A diversion and outlet tunnel should also be located on the left
abutment.

The promontory on this side, due to a right-angle bend of the

canyon, permits the construction of a short straight tunnel.
Reservoir
General description
The reservoir of the upper area, above the upstream dam site,
involves the valley of Blacksmith Fork River and associated tributaries.
Hills, in the immediate vicinity of the proposed reservoir, rise several
hundred feet above the valley bottom.

Utilization of the downstream site

would result in a narrow extension of the reservoir, about a mile long,
to the dam.
The area that would be inundated by the reservoir contains one ranch
house that is occupied occasionally.

The valley bottom is utilized for

raising hay and the slopes are used, to some extent, for grazing of sheep
and cattle.

The valley bottom also contains a gravel road, Utah 39.

This road, however, is not of major importance inasmuch as the dam sites
are above the Hardware Ranch.
Dams, provisionally considered, would provide a reservoir elevation
of about 5,770 feet.

For the upstream dam site, the reservoir would

have a length of about 2.5 miles and a width of about 1.5 miles.

An

important extension would be southwest, along Mill Creek, for about
7,000 feet.

There, the reservoir width would be about 10,000 feet.
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Another major extension would be eastward along Sheep Creek for about
2,400 feet to the junction with Peter Hollow.

One arm of the reservoir

would reach up Sheep Creek an additional 2,800 feet.

Another arm would

extend southwest of Peter Hollow for about 1,800 feet.

The area of the

reservoir, above the upstream site, would be about 300 acres.
Geologic conditions
The consolidated rock of the upper reservoir represents two
formations of Cambrian age in addition to the Wasatch Formation of
Tertiary age.

Unconsolidated deposits occupy the valley bottom and the

lower parts of adjacent slopes.

The stratigraphic units are tabulated

in Table 9.

Table 9.

Stratigraphic section of upper reservoir site

Unit

Thickness
(feet)

Description

Quaternary System
Spring deposit
Recent alluvium
All uvi al fan
Old alluvium
Tertiary System
Wasatch Formation

Conglomerate, mudstone,
and sandstone

Cambrian System
Langston Formation
Dolomite
Limestone
Dolomite
Brigham Formation
Quartzite
Quartzite and shale
Quartzite
aMaxey (1958

bThis report

285
50
55
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The lowermost stratigraphic unit, the Brigham Formation, consists
almost entirely of quartzite.

It crops out along the valley in the

vicinity of the dam sites and it dips from 80 S. to lSo S.

The Langston

Formation is exposed only to a limited extent in the eastern arm of the
reservoir along Sheep Creek.

Elsewhere, the reservoir is underlain by

conglomerate, mudstone, and sandstone of the Wasatch Formation.

Through-

out most of the area, the Wasatch covers the quartzite of the Brigham
Formation.

The areal distribution of the consolidated rocks of the

reservoir is evident on a regional map prepared by Williams (1948,
Plate 1).
f
Stream alluvium extends along the bottom of the canyon
near the dam

sites and along the valley bottom in the reservoir area.

The old

alluvium, presumably of Pleistocene age, locally forms low terraces
along the sides of the canyon and the valleys.

It consists largely of

gravel and sand.

Recent alluvium occupies the lower part of the canyon

and the valleys.

It is probably

~nderlain

by the old alluvium.

Recent alluvium consists of fine-grained stream deposits.
fans are present at the mouths of tributary canyons.

The

Small alluvial

They rest on the

old alluvium.

Numerous terraces of calcareous tufa extend across the

canyon bottom.

These are present in the canyon between the dam sites

and also along Sheep Creek to the east.

The unconsolidated deposits are

best known in the vicinity of the dam sites.
Quartzite of the Brigham Formation underlies most of the reservoir
although it is generally covered by the Wasatch Formation of Tertiary
age.

The quartzite is extensively jointed where exposed in the canyon

near the dam sites and is certainly extensively broken by joints

r
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everywhere.

The dolomite and limestone of the Langston, along Sheep

Creek, display no solution cavities.

Conglomerate and sandstone of the

Wasatch, exposed throughout most of the reservoir area, form a relatively
thin covering unit.

No sinks are known to exist within the area of the

reservoir.
Ground-water conditions
The ground-water table evidently slopes toward the reservoir in the
upper area.

This condition was shown by the drilling of the Bureau of

Reclamation, U.S. Department of Interior, at Dam Axis D.
Terraces of calcareous tufa are present along the canyon bottom
between the lower and upper sites as well as near the confluence of the
Blacksmith Fork River and Sheep Creek.

These are especially well

displayed along Peter Hollow, which is an eastern tributary of Sheep
Creek.

These terraces are believed to have resulted from deposition of

calcium carbonate by stream watet.
ancient beaver dams.

Possibly they formed at the sites of

The terraces are not thought to represent sites of

individual springs in the canyon bottom.

The exposed carbonate rock in

the mountains east of the proposed reservoir could provide an adequate
source for the calcium carbonate.
Road relocation

.

State road Utah 39 extends along the valley of Blacksmith Fork River
throughout the upper area.

It is a gravel road that connects Hardware

Ranch with a paved highway to the south.

It is not kept open in the

Winter.
The topography in the vicinity of the upper dam site requires
relocation of the road on the western side of the canyon and also west of
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the valley to be occupied by the reservoir.

The proposed relocation

necessitates crossing the river below the downstream site from the
eastern side to the western side.

The road would then extend up a

tributary and around the reservoir to the existing road in the valley
of Mill Creek.

About 2.7 miles of new construction would be required.

The new segment would be gravel and similar to the existing road.

In

the event that the downstream site is used, about 1,500 feet of the
existing road would provide access to the dam.

If the upstream site is

used, this segment, which extends to the dam, would be 5,200 feet long.
Construction Materials
Sources of impervious and pervious materials relatively near Dam
Axis D were excavated by the Bureau of Reclamation, U.S. Department of
Interior (Table 10).

Additional deposits, especially downstream, were

noted during this investigation (Table 10).

The sources consist chiefly

of old stream deposits, alluvial fans. and recent stream deposits.

A

possible source. of particular importance for construction at Dam Axis D.
is the weathered Wasatch Formation; however. the quantity of this
material remains uncertain.

A summary of the properties of materials

from these deposits is presented in Table 11.

Quartzite. suitable for

rock fill and riprap, is found everywhere near the dam sites.

Probably

some of the coarse material from the old stream deposits and the Wasatch
Formation could also be used for this purpose.
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Table 10.

Distance from
Dam Axis C

Exploration method

Type of deposit

1 mi. up, right

Power auger, back hoe

Old stream deposit

1 mi. up, right

Power auger, back hoe

Weathered Wasatch Fm.

1 mi. up, right

Power auger, back hoe

Old stream deposit

Back hoe

All uvial fan

3/4 mi. up, left

Power auger, back hoe

Weathered Wasatch Fm.

1/4 mi. east

Back hoe, test pit

Weathered Wasatch Fm.

1/2 mi. up, right

Back hoe, test pit

Alluvial fan

Area

a

R-

Location of construction materials for upper dam sites

3/4

~i.

up, left

f

H

1/2 mi. up, right

Old stream deposit

I

1 1/2 mi. northeast

Old stream deposit

J

1 1/2 mi. northeast

Alluvial fan

K

1 1/2 mi. northeast

Recent stream deposit

L

1 1/4 mi. northwest

Recent stream deposit

M

1 mi. west

Weathered Wasatch Fm.

N

2 mi. south

Weathered Wasatch Fm.

a

3 mi. nortlmest

Recent stream deposit

aU.s. Dept. Int., Bur. Reclamation (1967)
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Table 11.

Description of construction materials for upper dam sites

Type of deposit

Description

Recent stream deposit

Size gradation
Pebbles-cobbles-boulders 20%
Sand
25%
Clay-silt
55%
Compositim of coarse fraction
Quartzite
Limestone
Dolomite
Particle shape of coarse fraction
Rounded
Subrounded
Angular

Alluvial fan

Size gradation
Pebbles-boulders
45%
Sand
20%
Clay-silt
35%
Composition of coarse fraction
Quartzite
Limes tone--minor
Dolomite--minor
Particle shape of coarse fraction
Angular
Sub rounded

Old stream deposit

Size gradation
Boulders
5%
Pebbles-cobbles
35%
25%
Sand
35%
Clay
Composition of coarse fraction
Quartzite
Limestone--minor
Dolomite--minor
Particle shape of coarse fraction
Rounded
Subrounded

r

,
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Table 11.

Continued

Type of deposit
weathered Wasatch Formation

Description
Size gradation
5%
Boulders
45%
Pebbles-cobbles
Sand
15%
Clay-silt
35%
Composition of coarse fraction
Quartzite
Limestone
Dolomite
Particle shape of coarse fraction
Rounded
Subrounded
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CONCLUSIONS
Area Evaluation
A comparative evaluation of geologic conditions seems to indicate
that the upper area is more satisfactory than the lower one for a dam
and reservoir site.

The extensive road relocation, imposed by the

reservoir in the lower area, also tends to exclude the lower area from
consideration.
The foundation and abutment rock of the lower areafs limestone at

..

Dam Axis A and limestone and shale at Dam Axis B.

Limestone, of course,

is highly susceptible to solution by ground-water along fractures.
Therefore, hidden solution channels may be present underground.

The

rock at the dam sites of the upper area is quartzite, which is virtually
insoluble.

Seepage, nevertheless, could occur to some extent through

joints and along bedding surfaces.
The overburden in the canyon bottom, at the lower area, is about
40 feet deep.

It is unusually thick on the right abutments where mud

flows rest on old alluvium.

Excavation of as much as 100 feet of

unconsolidated material may be necessary in order to prepare a suitable
foundation.

The cost would certainly be prohibitive.

The overburden

in the canyon bottom, in the upper area, is about 35 feet deep.

Solid

rock is found at or near the surface on the abutments at both sites.
The slope of the ground-water table toward the stream, in the lower
area, indicates that the proposed reservoir should be reasonably watertight.

The apparent absence of sinks is also an indication that suitable

reservoir conditions exist in spite of the widespread carbonate rocks of
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the reservoir area.

The slope of the water table in the upper area, at

Dam Axis D, likewise suggests that this area should be essentially watertight.
Reasonably satisfactory topographic conditions for a dam are found
in both areas.

Adequate construction material also seems to be present

in both areas.
From an evaluation of the

abov~

factors, it seems evident that the

lower area must be excluded from consideration for a dam and reservoir
site.

This conclusion is supported by the presence of soluble rock in

the foundation and abutments of the lower area and alsQ by the existence
of thick overburden in the lower area.
Site Evaluation
Exploration of the upstream site of the upper area (Dam Axis D)
revealed highly fractured quartzite as well as a shale and quartzite
unit in the right abutment.

These conditions seem to explain the high

permeability shown by the testing of the Bureau of Reclamation, U.S.
Department of Interior.

The downstream site of the upper area (Dam

Axis C) seems to provide less permeable quartzite for the abutments;
however, drilling and testing might reveal no significant difference.
The topographic setting of the upstream site (Dam Axis D) is
superior to that of the downstream site (Dam Axis C).

At the upstream

site (Dam Axis D), a topographic ridge forms the left abutment.

This

feature permits a short diversion and outlet tunnel as well as a short
spillway.

Longer and more complex structures, also on the left side,

would be required at the downstream site (Dam Axis C).

A major source

r
f
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of construction material is along the lower part of the western tributary
below the downstream site (Dam Axis C).

This site seems to be more

favorably located with respect to construction materials.
site (Dam Axis D) is about a mile from this deposit.

The upstream

It is, however,

near to sources of material in the main part of the reservoir site.
The highly fractured quartzite and the shale unit encountered at
the upstream site (Dam Axis D) seem to necessitate careful study of other
sites.

It is, therefore, recommended that the downstream site (Dam Axis

c) be investigated by drilling and permeability tests.

Recommended Studies
Exploratory drilling of Dam Axis C or Dam Axis C (alternate) is
recommended in order to ascertain the condition of the quartzite.

It is

anticipated that such a program would prove that the rock is much less
permeable than at Dam Axis D.

This condition is expected because of the

regular dip of the quartzite beds and the apparent absence of interbedded
shale units.
Five diamond core holes would probably be adequate.

Two should be

located on the left abutment t one in the valley bottom, and two on the
right abutment.

Permeability tests should be made in all holes and the

results compared to those previously obtained at Dam Axis D.

An extensive survey of construction materials is also necessary.
Previous studies have been of a reconnaissance nature.

Test excavations

should be made on a grid basis in select borrow areas and laboratory
tests should be made on materials that are available in sufficient
quantity.

Such a program is equally necessary if it is elected to

construct a dam at Dam Axis D instead of Dam Axis C.
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